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FORWARDThe 

U.S. Environmenta Protection Agencyin 
conjunction with the New York 

StateDepartment of Environmenta Conservationconducted 
three one-day seminars on 

theprobem 
of wet-weather fow poutionabatement. 
Many facets of the probemwere 

considered ncudng a brief over¬view of its 
magnitude and what thefedera 

government is doing to manageand contro 
this source of poution.Various 

management, 
contro and treat¬ment techniques 

were described and themost up-to-date 
information on designand economics 

was presented. The consisted of consuting 
and muni¬cipa engineers from areas 

of NewYork State.It is hoped that 
these 

seminars 

and thiscompiation of papers wi hep 
sovecommunity probems or at east 

stimuatenew 
ideas a to how storm and combinedsewer 

overfow poution abatement mghtbe 
approached.ii 
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SECTION I 

POLLUTION CONTROL IN THE byRichard 

Fied, 

ChiefAnthony Staff 

EngineerStorm & Combined Sewer 

Technoogy BranchEdison Water Quaity 
Research 

LaboratoryNationa Environmenta 
Research 

Center - CincinnatOffice of Research and 
DevelopmentU. 

S. Environmenta Protection 

AgencyEdison, New Jersey 0887 



I. 
PREFACEIn 

an effort to introduce ths semnar and te the varous ds¬cussons 

you' be hearng today together, I thought woud beappropriate 

to discuss the probem of discharges andcombined sewer overfows 

from the Federa Governments nvovement.The naton-wide significance 

of poution caused by storm generateddscharges was first dentifed 
in 

a U.S. Pubic Heath Service re¬port pubished in 964. Congress, in 

recognizng this probem,authorzed funds under the Act of 965 

for 
the research, de¬veopment and demonstration of techniques for 

controing thissource of poution. Further authorization has been 

provided bythe 972 Amendments to the Act.Hence, the Storm and 

Combined Sewer Overfow Poution 

Contro Pro¬gram was orignated and the probem of wet-weather fow 

poutonwas cassified Into three categories:. Combined Sewer Overfows2. 

Discharges3. NonSewered To date 
over 

16 grants and contracts 

totaing over $82,000,000have 

been awarded 
the 

Federa Government's share being in theneighborhood of 
$40,000,000 

or 47.5II. INTRODUCTIONThe earlest sewers were buit for the 

colection and disposal of and for 

convenience 
emptied 

into the nearest watercourse. In ater years, house sewage was 

discharged into these 



arge storm drans, automaticay converting them into "combined"sewers. 

Subsequenty, combined sewers came Into widespread sen 
communites 

because they represented a ower nvestment thanthe 
construction 

of separate storm and sanitary sewers. (Fig. )When the 

probem 

of poution caused by santary or dry-weatherdischarges became 

recognized, the engineer was confronted withhow to best 
separate 

the wet from the dryweather fows to enabeproper treatment of 

the santary sewage portion. Ths was ovr¬come by designing 
overfow 

structures at seected points in thesewerage system, so that 

combined sewage fows greater than a pre¬determined mutpe of mean 

dry-weather were dschargeddirectly into the receving stream. 

The diversion points wereusuay chosen cose to the receiving 

water for economy, and newsewers were instaed for intercepting 

and conveyng the dry-weather fows to the sewage works for 

treatment.These overfow or reief points may aso be 

integra to separatesanitary systems. Initiay, nomina aowances 
were 

made for in¬fitraton and with pipe age this became more of a 

problem. Unauth¬oried connections compounded the probem, and reiefs 

in the "socaled" separate sanitary system were used as an immediate 

and owcost soution. Studies conducted for the found that 

separatesystems, 
with excessive infiltration and other infows, act 

essent¬ialy 
as combined sewer systems.III. COMBINED OVERFLOW PROBLEMSThe 

basic difficuty wth combined 

and "nominal" santary sewersinvoves 

their 

"buit-in" ineffcencies, i.e., their overfowpoints.Untreated 

overfows from combined sewers, particulary during 





weather, has proven to be a substantia polton source in termsof 

impact upon receivng stream water quaityeven though thepercentage 

of sanitary sewage ost from the system by overfow issma, that 

is, in the order of 3 to 5 percent.Poution 

probems 

stemming from combined sewer overfows arewidey distrbuted 

through the United States; the Northeast, Mid¬west, and Far-West 

being the principa areas of concentration. Ina nation-wide survey 

performed by the it was found that thereare over 3,000,000 
acres 

of combined sewer drainage area containedin more than ,300 
municipaities 

with a popuation of 54 miionserved by some 55,000 miles 

of combined sewers. Of 64 jurisdictionssurveyed,- 493 reported some 

4,200 
combined 

sewer overflow points,- 340 reported infitration 
probems 

during wet-weather and- 96 indicated combined sewer 

overfows during dry-weather.The magnitude of the overfow 

problem 

as exempified by a 2-yearstudy conducted on a 229 acre 
combined 

sewer watershed in England. This study showed that the 
cumuative 

yearybiochemica oxygen demand (BOD) oad in the combined 

sewer over¬fows nearly equaed the BOD oad contained in the 
effluent 

of thelocal secondary treatment plant. Suspended solids within 

theoverflows were three times the oad contributed by the 

treatmentworks effuent.The reatively poor flow characteristics of 

combined sewers 

duringdry-weather when sanitary wastes alone are carried, 
encouragessettling 

and build-up of soids in the ines unti surge of 

fowcaused by a rainstorm purges the system. Studies in Buffao, 
NewYork 

have shown that 20 to 30 percent of the annual colection 

ofdomestic sewage soids are setted and eventaly discharged 
duringstorms. 

As a result, a arge residua sanitary polution oad. 



over and above that normay carried is discharged over a reativeyshort 

interva of time, oftentimes resuting 1n what is known as a"first 

fush" phenomenon. This can produce shock oadings detri¬mental 
to 

receiving water ife.Aside 
from 

the raw dmestic and industria sewage carried in theoverfow, 
non-santary urban in itsef is a significant con¬tributor to the 

overfow 
poution oad. As the storm runoff drainsfrom urban and areas, it 

picks up accumuated debris, anima drop¬pings, eroded soi tire and 

vehicuar exhaust residue, air pou¬tion faout, heavy metas, compounds 
pesticides and fertiizers and other chemica additives, decayed 

vegetation, haz¬ardous materia spis, together with many other known 

and unknownpoutants. A study on a ,067 acre drainage basin in 
Durham,North Caroina has shown that the annua BOD contribution 

attrib¬utabe to surface wash from storms is approximatey equa to 

thatcontribution of the secondary treated sanitary effuent and 
thetotal 

organic matter exhibited by chemica oxygen demand was 
est¬imated 

to exceed the amount in the raw sanitary sewage from a 
res¬identia area of the same sie.It is important to note that there 

is no apt description of"typica" 

combined sewage or runoff characterstics dueto the 
variable 

nature of the patterns. Figure2 iustrates some genra concentraton 
ranges of the constituents isted- The major characteristic, 

i.e., quaitativevariabiity, is shown by these data. Quaity may 

range from super-strong sanitary sewage during the "first fush" 

to very diutedsewage ater in the storm. The composition is dependent 
on anumber of factors, incuding: ength of antecedent dry 

weather,oca cimatic conditions, condition of the sewerage 
system 

andthe nature of the drainage area. 
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As mentoned, urban in itsef is a significant contri¬butor to the 

probem since t picks up a variety of known andunknown poutants 

as it drains from urban and area. Figure 3iustrates some 

seective data on urban stormwater characteristcs.As noted, the extremey 

high chorides concentrations have beenattributed to sats. 
Our 

program has done some work inthis area resuting in the 
foowing 

concusions:. Highway sats can cause injury and 

damage across a wideenvronmenta spectrum.2. Practicay a 

highway authorities n 
the 

U.S. beievethat ice and snow must be removed quicky from 

roads andhighways and that "bare pavement" conditions 
are 

necessaryoften resuting in xcessve sat appication.3. Sat 

storage sites are persistent and frequent 
sources 

ofground and surface water contamination and 
vegetationdamage.4. 

The specia additives, e.g., and cyanides, 

foundin 

road provoke great concern because of theirsevere atent 
toxic 

properties and other potentia sideeffects.5. 
sufficient 

number of incidents and detaied studies havebeen 

described 

to show adverse impact of deicing sats towater suppies and 

receiving waters.6. In ess severe cases as sat intrusion 

into pubc watersuppiessat free 
patients 

have been cautioned to changetheir potabe water 
source.7. 

Deicing sats are found in high concentrations in 
highway8. 

Surveiance data is 
needed 

to ceary define the many in¬fuences of deicing sats upon 

the 

environment.9. The majority of in-depth studies support the 
finding 

thatdeicing sats are a major factor in 
vehicuar 

corrosion androadway damage. The iterature aso indicates 

that rust 
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inhbting additives do not produce resuts to justifyther 

continued use. It is further noted that mayattack and 

cause damage to teephone cabes, water dstri¬bution ines 
and 

other utiities adjacent to streets andhighways.0. There 

is tte 

doubt that road decers can dsturb aheathy baance in sois 

trees and other vegetaton com¬prisng the roadside 
environment.Seer 

Separatonhen consdering 

combined sewer 

overfow probems, frst attentions generay given to the construction 

of separate sanitary andstorm sewer systems. In contrast, the 

964 study stipuatedthat aternative soutions be investigated to 

determine if meansother than sewer separation coud be found at 

ower cost.The previousy mentioned study of combined 
sewer 

probems indicated that if a communities with combined sewers in 

this countrywere to effect sewer separation, they woud face an 
expenditure 

ofapproximatey 85 biion dolars at todays cost. Of this 
amountNew 

York States share woud roughy come to $8 biion, thehighest 

figure for any state in the nation. It was further esti¬mated 

that the use of aternate measures coud reduce the natonafigure 

to about 25-30 biion doars.It is again emphasized that urban 
itsef 

can bea sgnificant source of stream 

poution. Sewer separation woudnot cope with ths poution oad. An 

study reveaed that ifseparation were used, the reduction in 
wet-weather poution woudbe ony 50 percent. The other 50 percent 

woud 

reman n the un¬treated urban storm runoff.10 



IV. CORRECTIVE 

METHODSProgram 

research, deveopment and demonstraton projects have 
pro¬vded 

sgnficant resuts, and have iustrated that sewer separa¬ton n 
most 

cases s not the ogca course of acton. Me havecategorzed three 

basc approaches other than separaton: control,treatment and 
combnatons 

of the two.ControContro of 

combned 

sewer 

overfows can be obtained by reductonor equaizaton of peak 
fows 

Increasing the effectivecapacty of the sewrage system, minimizing 

infitration and bysource prevention tchniques.For existing 

system contro, the operator 
can 

attempt to maximize treatment at the santary pant during 
wet-weather 

bytrying to contain as much fow or treat as muchsewage as 

possibeduring a storm fow occurrence. This woud serve to reduce 

wet-weather by-passing whch at the begnnng of storm fow can havea 

high poutant concentration, as previousy described. It isrecognized 

this extra pant burden may decrease treatment effi¬ciencies 

somewhat, and create added sudge or handingprobems; however, 

these practices for ony short periods durngstorm fows are 

we worth the effort. If the operator deter¬mines that hydrauc 
oading 

wi cause a serious upset of a unitprocess then primary 

treatment plus disinfection shoud be con¬sidered as a minimum 
measure.In 

Detroit where the prevaiing direction of storms is known, 

theoperator receives 
advanced 

informaton on storms from a remoteystationed rain gauge. The 

treatment pant pumping is increasedthus owerng the surcharged 
interceptor 

gradient, aowing forgreater nterceptor storage capacity 

and conveyance. This practice 



has enabed the city to entrey contain and treat many intensespot 

storms pus many scattered city-wide rains.The 

operator shod aso concern himsef with improved reguatorinspection 

and maintenance and preventive schedues to minimizethe 
occurrence 

of overfows. Overflows during dry as we as wet-weather due to 

malfunctioning devices and cogged orifices canthus be aeviated 

Tide gate condtions aowing backwater in¬trusion can be 
corrected, 

and diverson structure settngs canbe raised to obtain more 

nterceptor carrying capacity.Municipaties can aso 

control 

combined sewer overfows withoutarge and costy modifications 

by concerning themseves with in¬fitration and extraneous infow. 

Excess fow caused by infi¬tration is a major thief of capacity 

that would othrwise be avai¬abe to transport and can thereby 
affect 

proper operationof sewerage systems and, consequenty, the quaity 

of streams.Other adverse impacts caused by infitration ncude: 

(a) sur¬charging and back-fooding into streets and private 
areas 

and needfor reief sewers ahead of schedue; surcharging of 

treatmentpants and pumping stations, causing fow by-passing, 
decreasein 

treatment efficiency, and higher treatment costs; and 
diver¬sion 

of raw wastewater and greater incidence and duration of 
over¬fows. 

The has reported that infitration was a pronouncedprobem 

during dry weather in 4 percent of communities surveyed andin 
53 

percent of the communities during wet weather. The APWA asondcates 

that other sources of extraneous inflow compounding theprobem 
incude 

roof eaders; depressed manhoes covers; cearfoundation, and 
yard 

drains; ar conditioning and industria cooingwaters; and other 

connections.Contro of infitration shoud first take pace during sewer 

pipeinstaation. Better 

construction 

materias and proper instalation12 



techniques are necessary. The new methods of sewerseang andining 

shoud be fuy evauted before major rehabiitation orrepacement 

is undertaken.Infitration 

surveys shoud be undertaken when extraneous nflowsare suspected. 

Such surveys may use teevision and other vsuapipeine inspection, 

smoke tests, air and water pressure tests andvarous fow techniques. 

Undue deposits, partia bockages andcave-ins causing premature 

surcharging and dry- and wet-weatheroverfows (usuay n oder 

sewer systems) aso be pin¬ponted for subsequent corrective 

action.Buiding connectons to street 
sewers 

are a major source of infi¬tration. As much as 70 to 80 percent 

of the inftration oad canoccur in these ines. Accordingy, the 

aforementioned infitrationcontro practices shoud be stricty foowed 

here.Before a municipaity considers removing 
extraneous 

nflows, thefoowing basic factors shoud be considered:1. 
Determinaton 

of what a "dean" or unpouted infow 
reayis. 

For nstance, subsurface drainage may be contaminated or 

contain toxic materia washed from basementfoors.2. Sewer 

and odor conditons that may arise becauseof owered 
fow 

from 

the eimination of ong-standing in¬fow sources.3. Effect on 
the 

pubic of any sudden decision to eiminateinfow sources 
and 

the 
associated 

probems of enforcement.4. The strong possibiity that 

communities w be forced totreat separate urban sometme n 

the future indicatesthat the of certain so-caed "cean" 
watersfrom 

sanitary to storm drains may be done in vain.13 



Studes have indicated that it may be cheaper to remove soids fromthe 

street surfaces by sweeping than by eiminating them via thesewer 

system. One set of fgures showed that street sweepngcosts 

$24 to $30/to of sods removed as compared to $60 to $70ton of 
soids 

removed via the sewerage system what may be evenmore 
important 

is that the wet-weather overfow pouting potentiaof these soids 

is eiminated by the urban surface remova practice.Aside from abating 

the usua contaminants, a particuar advantageof effectivey removng 

the dust and dirt fractions prior to seerentry woud come from 
the 

reducton of major amounts of the morexotic poutants which 
incude 

heavy metals (ead, zinc, cadmium,mercury, copper, chromum), 

pesticides and nutrientsthat commony adhere to the surfaces of 

solids. Because of thepotentia and and contaminaton, care shoud 

be givento the soids dsposa site seection and the fate and 
effects 

ofthese poutants. At this juncture it is appropriate to 
mentionthat 

greater efforts shoud be appled in the area of non-routine 

consttuents. Their impacts and abatement measures mustbe further 

researched, whether they be by surface "housekeepng" atthe source 

or treatment of the storm fow itsef.It is recommended that the 
newer 

and more promising street cean¬ing equipment 

such as vacuum sweepers, air brooms and wet scrubbersbe further 

evauated and empoyed as opposed to conventionasweepng and fushng 
methods. 

The newer devces offer benefitsin picking up the dust 

and dirt partices rather than redistributngthem for aesthetc 

purposes as the conventiona devices do.Certain and use, zoning, and 

constructon site eroson contropractces are other ways of 

aeviating 

the soids burden to thereceiving streams or treatment 
pants 

by surface source prevention.1 



Ceansng of catch basins, sewer ines, wet wes and other appur¬tenances 

by fushng or dry mechancal means may reduce sodoadings n 

wet-weather discharges and aeviate premature over¬fows during 
dry 

or wet periods due to partia or compete sewerobstructions. But 

here we must weigh the benefits of systemceaning against 

"cosing the oop" by the instaation of wet-weather fow control 
and/or 

treatment faciities.It is emphasized that 

before 

community considers the estabish¬ment or continuation of 
the 

household garbage grinding practice,it must be reaized that 

increased solids depositon in bothcombined and sanitary sewer 

ines wi occur at tmes of ow fowduring dry weather which wi be 

scoured out by the high storm fowconditions. As a resut, the overfows 

wi create more severestream impacts. The jurisdictions pans 

regarding future overfowcontro and treatment wi be an important 

consideration sinceagain the "oop" win be cosed.If there is 
insufficient 

carrying capacity in 
the 

sewer nes,poymer addition may serve to measuraby reduce fuid 

friction.Research has shown that poymeric injection can increase 

fowcapacity as much as 2.4 times at a constant head. This 

method canbe used as a measure to correct troubesome poution-causing 

con¬ditons such as ocaized fooding and excessive overfows. 
Pre¬iminary 

cost comparisons have shown this procedure to be 
feasibe.Advanced 

Contro SystemsIn this segment of the tak, some of the 

newer 

and more 
advancedtechnoogy 

being deveoped by our Program wi be described.15 



Flo 
ReuationSevera 

methods have been used to reduce operation probems asso¬ciated 

with the conventiona reguator devices. Cincinnati utiizesteemetered 

monitoring to detect unusua or improper dry-weatheroverfows. 

More sophisticated approaches are being appied by the Pau Sanitary 

District and the Cities of Detroit,and Seatte. A three 
jurisdictions 

are making use of unusedstorage capacity within the 
existing 

sewerage system for the purposeof reducing the frequency and 

voumes of overfows. For instance,in the period from 969 to 970, 

Minneapois was able to reduceoverfow occurrences by 55 and the 
voume 

of overfow by 85%. Thegenera approach comprises remote 
monitoring 

of rainfa, fow eves,and sometimes quaity, at seected ocations in 

the network, togetherwith centray computerized contro consoe for 
positive 

reguationof the overfow structures. Figure depicts the computer 

consoeand strategy room in Seatte and is preview f what the 

operatorin 980 may be contending with.New types of reguators such 
as 

positive contro gates and 

in¬fated 

rubberized-fabric dams (Figure 5) have been 
demonstratedsuccessfuly. 

Another unique overfow device which has 
beenconstructed 

for fu-scale demonstration utiizes technoogy;and 
requires 

no moving parts or externa power since operation isentirey 
dependent 

upon motion of the Improved reguatorcapability and reduced 

operation and maintenance costs are anticpated.Additiona improvement 

in regulators is now in progress.StorageStorage offers direct contro 

by containing the pro¬duced during wetweather periods. 

The use 

of storage faciitiesfor controing combined sewer overfows has 
been convincingydemonstrated. The genera procedure invoves the 

return of 16 







overfows to the conventina treatment works for subsequenttreatment 

during ow fow, dry-weather periods.Concrete 

hoding 
tanks are the most comony used type of storagefaciity. The 

storm stand-by tanks at Coumbus, Ohio, shown nFigure 6, constructed 
as eary as 932, were recenty modernized byinstaation of sudge 

coection and automatic fow contro equip¬ment. The Cty of Boston has 

commenced operaton of overfow hodng tanks desgned to provide 
settng 

pus for treating excess overfows of 233 miion galons per day. 

NewYork City and Miwaukee have similar faciities in operation. 
TheNew 

York City pant has four storage tanks which have a 
combinedcapacity 

of 9.7 miion gaons. Intercepted storm fow is stored and 

pumped, aong with the sudge back to a nearbyMunicipa Treatment 
Pant. 

Excessive overfows receive treatment bysedimentation 
through 

the tank and are chorinated and discharged.The objective of the 

facity is to reduce and soidscontamination of Jamaica Bay. Fas, 

Wisconsin has constructed an asphat-ined basinproviding storage 

for up to 3.5 miion gaons of 

overfow.(Figure 7) During the 969 - 70 evauaton period, 50 

rverdscharges 
out of 62 storm overfows were eiminated.Two basic 

probems encountered by conventionay-desgned storagefaciities 

in urban areas are and cost and avaiabity, andadverse 

aesthetic impacts. In ths regard, we are seeking newconcepts. A 

major demonstration n Chicago nvoves thenewconcept of "deep 

tunnes". The cost of the Metropoitan Chicagotunne storage 
system 

is estimated at over one biion doars ascontrasted to over 

four biion for sewer separation. Additionabenefits of tunne 

(or 
in-sewer) storage are a resut of coverageof an expanded area 

or 
ength. Thus, storage is more readily 19 





able to remote areas may be smoothed or reduced fortreatment 
faciity desgn because intense storms often are quteocazed, and 

overfows 
greater than storage capacity can be seect¬ivey and automaticay 

discharged to the most sutabe stream oca¬tions. Another subsurface 

storage idea to be demonstrated nLancaster, Pa is the 
underground."sio". 

The use of a 50-footdiameter 100-foot deep so coud 

afford over miion gaons ofstorage. The preiminary design is shown 

in Figure 8.Other designs requiring itte or no 
urban 

and incude offshorestorage and the use of natura underground 

formations. Two demon¬stration projects have evauated the use of 

fexible nyon fabric materia as underwater containers, for the 
temporarystorage 

of combined sewer overfows. Figure 9 presents a drawingof 

such an instaation.The engineer and operator wi be interested 

in the 
sudge-handingaspects 

of temporary storage. Two possibiities are the re-suspensionof 

solids by agitators and setting prior to pump-back. Re-suspensioncan 

provide easier draw-off and is being evauated. However, ifsudge is 

setted, on-site sudge disposa in ieu of soids pumpedback in 
stored 

fow shoud be considered.Design criteria shoud be based on the 
poution 

abatement resutsexpected. For 
exampe, 

Miwaukee used a mathematica mode todetermine size and projected 

efficiency of its hoding tanks.Wherever possibe, design of 

ful-scae faciities shoud considethe envronmenta impact, 

incuding 

aesthetics. Figure 0 isa conceptua drawing showing an off-shore 

site in Lake Erie atCleveand, OhoA concept worthy of note, which 

was successfuy demonstrated in21 





FIGURE 

9UNDERWATER 





London, Engand and Iinois, is the conversion of existingor abandoned 

sanitary treatment units, in this case sedimentationtanks, to 

storm faciities as part of a pant expansion.Aso, pans have been 

proposed to use an abandoned tricking fiteras a storage tank for 

nfitration.Porous PavementAnother feasibe 
method 

to attenuate 

fows is the instaation ofporous pavement. This pavement is made 
of 

and hasbeen deveoped for an abiity to alow 60 or more inches per 

hour ofrainfal to permeate through its depth (Figure If used formajor 
highay, street and parking lot paving projects, it woud 

havethe 
potentia for reducing capacity and associated costs for bothsewer 

and wet-weather fow treatment systems a feature attributabeto the 

porous pavements abiity to equaize fows entering or divertfows away 

from the sewerage system. This type of pavement insta¬ation can aso 

offer a substantia benefit by recharging ater suppiesEven more 
important 

are the safety features which coud be reaiedi.e., an increased 

coefficient of friction which wil hep preventwet or accidents, and 

enhanced vsibiity ofpavement markings due to more rapid remova of 

rainwater and roughersurfaces. However, when porous pavement is 

considered we ust rea¬ize that such features as geographica area, 
temperature, 

subsurfacesoi condition, and the possibiity of contamination 

maypay an important part in design and site seection.New Sewer 
SystemsNew 

types of sewer systems being demonstrated, based on vacuum 
and 

sure operation for the colection and conveyance of 

sanitary 
sewage,can 

reduce the waste voume generated, reduce conduit sizes, 
eiminateinfitration, 

minimize associated instaation and treatment costs,25 
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and aevate overfows. More on ths subject wi be presented aterby Mr. 

TreatmentOther 

than 

waste 

storage, t may be considered necessary that combnedsewer overfows be 

treated ether at the individua outfa ocationsor at a centrazed faciity. 

Centraization, athough offering bene¬fts n reduced pant costs invariaby 

requres high expendituresfor the instaation of arge, combined 
sewer 

transport conduts ornterceptors.Conventiona treatment processes 

appy basicay 

to the reativeysteady-state conditions of sanitary sewage, whereas 

combined seweroverfows occur on an ntermittent and random basis. 

Foowing ran¬fa these fows exhibit highy-varying patterns in both 
quaity 

andquantity over short periods of time. Consequenty, it has been 

diff¬icut to directy adapt existing treatment methods to storm 

generatedoverfows, especiay microorganism dependent bioogica pro¬cesses. 

Adverse fow conditions and unpredictabe shock oadngs makeit 
advisabe 

to consider the newer chemica and physica treatmenttechniques and 

the incorporation of automated contro into the intended storm 
treatment 

faciity to achieve optimum efficiency.Rather than independent 

unit, bioogica treatment systems are app¬ied by our Program 

as auxiiary facities at the conventona sewage pant for treating 
excess 

fows. This affords viabe mixediquor and fim. Two such bioogica 

treatment processesare on-gong projects. One uses activated 
sudge 

to treat over¬fows at isconsn. The other at New Provdence, 
New 

Jersey,utiizes pastic media and compares this wth standard rock 

media inhigh-rat trckng fiters for treating sanitary with ahigh degree 

of nfitration.27 



Treatment methods whch have been evauated or are currenty 
underinvestigation 

by the Storm and Combined Sewer Poution Contro Pro¬gram 

incude:. 

Fine-mesh 

screening and 2. fotation3. Rotatng 

bioogca contactors4 
High-rate 

pastic and rock media tricking 

fiters5. High-rate, singe, dua and fitration6 Swir 

and heica separators7. Advanced disinfecton 
methods, 

e.g., high-rate 
appication,on-site 

generation, automated operation, and useof combined 

haogens (chorine and iodineand chorine di¬oxide8. Tube 
setters9. 

Powderedand granuar activated carbon adsorption0. 
Poymer 

and 
other chemca 

additives for mproved setting,microscreening, fitration 

and fotaton. Chemica oxidation2. In-line or in-sewer 
treatment3. 

Sudge handng and treatment4. 
Regeneration 

of carbon and 

coaguants and5. Reclamation and 

reuse.Tme does not aow a detaed 
dscusson 

of each of these methodsSome of the more 

promising treatment 

techniques 

wi be discussed.Since high throughput rates are necessary 
for 

combined sewer over¬fows, the sanitary treatment processes are 

being 
studied for poss¬ibe modifications. For exampe, the is 

conventionaydesigned 
for poishing secondary sewage pant effluent at an 

optmumrate of around 0 gaons per mnute per square foot. Tests on a28 



pot unit In Phiadephia, Pa. have shown that, at0hgh fux rates of 
35 

to 45 suspended sods removas Incombined overfows exceedng 99 

percent can be achieved. Mr. GeorgeGover w speak about ths in more 

detail this afternoo.Increased fow rates greaty reduce 
capta 

costs and space requre¬ments. Increased throughputs have aso been 

obtained with otherfine-mesh screenng proceses, for exampe, 
fibergass 

fitrationand fotation.An study in Ceveand showed high 
potenta 

for treating com¬bined 

sewer overfows by contact coaguation and utra high-ratefitration. 

Fgure 2 depicts the process fow diagram. With the9high oadings 

of 6 to 32 gpm/ft surface area, remova of soidsis effectivey 

accopished throughout the entire depth of fitercoumn. Test work 
showed 

suspended soids remova up to andexceeding 90 percent and BOD 

removas in the range of 60 to 80 per¬cent. Substanta 
reductions, 

in the order of 30 to 80 percent ofphosphates, can aso be 
obtained. 

Mr. Pat Harvey wi discuss thisat ength ater on today.Resuts 

from a 5.0 screening and fotation demon¬stration piot pant, in 

Miwaukee, indicate that 

greater than 70percent removas of BOD and suspended soids are 
possibe. 

Find¬ings aso reveaed 85 to 97 percent reduction in suspended 

soids,and better than 90 percent reduction in phosphate can be 

achievedas an additiona benefit, by empoying chemica coaguants. 
Mr. 

wi give his presentation on this topic this afternoon.A unique 

variation of the usua coaguation-adsorption, physica-chemica 

treatment process has been demonstrated in Abany. This29 





system, shown schematicay in Figure 3, is comprised of a 00,000 
traier 

mounted piot pant where both powdered carbon and coag¬uants are 

added a static pipeine, and the resut¬ant coaguated matter is foccuated 
downstream, separated by tube-setters and poished by muti-media 

fitration. The project asodemonstrated regeneration of aum and 

activated carbon by incineration.At this point it is appropriate to 

bring out an 

mportant 

fact ofwhich future designers of storm overfow treatent 
faciities 

must becognizant—process efficiency shoud not be considered in 

the usuaterms of percent remova used in muncipa treatment. It was 

foundduring the and fotation operation that,due to extreme 
variation 

of the infuent suspended soids concentra¬tion remova efficiency 

woud aso vary whie the more desirabeeffuent concentration remained 

rativey constant. For exampe,a typca effuent concentration of 0 

suspended solids wouldyied a reduction of 99 percent for an infuent 

concentration of,000 mg/, whereas the suspended soids reduction 

would be ony50 percent if the infuent concentration were 20 
mg/. 

This pheno¬menon is apt to in other physica-chemica treat¬ment 

operations.Another project has studed a new bioogica process, 

described asthe rotating bioogica contactor consisting of a series of 

shaft-mounted 

rotating disks. Simiar in principe to tricking fitratona bioogica 

growth attaches onto the disks. Under steady oadngrates, efficiencies 

exceeding those of the tricking fiter have beenattained, but a 
surge 

tank appears essentia. Fgures and 5gve cose-up of the 
rotating 

disks and an overa view of thepilot facility, respectively.Another 

approach in overcoming the extreme variation in overfow 
ratesis 

to provide surge faciitis prior to the storm treatment pant 

or31 







the municipa pant. The surge basn(s) (or existng combined sewers)coud 

furthermore serve a dua functon in equaizing not ony wet-weather 

fows but dry-weather fows as we. In ths way, sngefuture treatment 

system can ready be designed for storm and sanitaryfow conditions. 
This 

coud aso assist presenty overoaded sani¬tary pants in obtaining 

more uniform operation. Short-term storageincorporated into the 

treatment pant woud even out the daiy cyceof dry-weather flows aowing 

for more efficient use of the treatmentprocess over the entire 24 
hours. 

Equaization woud permt reducedtreatment process design capacity. 

Further anaysis is necessary todetermine the most economica 
break-even 

point between the amount ofstorage versus the treatment 
capacity. 

The designer shoud recognizethe wet-weather treatment pant's 
capabiity 

to draft stored fow con¬tinuousy whie it is raining in his 
evauation 

of the optmum surge-treatment system.New Oeans has demonstrated 

the use of sodum 

for dis¬infection of storm fows as high as ,000 to both recaim 

andprotect pubic bathing beaches. In order to economicay provde 
thearge 

quantities of disinfectant required, an on-site batching pant was 

constructed (Figure 6). Figure gives a viewof the massive-size 

chorine contact basn in operation.The disnfection of combined 
sewage 

entais certan differences,which make the design and 

operaton of faciities difficut when com¬pared to sanitary sewage. 

The highy varying quaitatve and quan¬titative character of the storm 

generated infows require disinfectantdoages to be based on a 
predicted 

rather than an estabshed tech¬nque. A decrease n temperature 

decreases disinfectant ki power.This points to the importance of 
temperature 

in to the usua(time and dosage) contro parameters. As 
temperature 

is apt to have amuch wider range for waters than it does 
for 

domestic sewagefows, combined sewage may require dsnfectant dosage 

to vary 34 





aly or as effected by ambent temperture.The 

Storm and Combined Sewer Overfow Technoogy Program is asosearching 
for high-rate dsinfection systems to save on argetankage 

requrements for the high storm fow rates encounteredwith the 
hep 

of more rapid e.g. chorine-dioxide, andby impartng greater 

turbulence to the fow. Successfu attemptstoward high-rate 
disinfection 

are being noticed at our Phia¬dephia Pa. and County, 
New 

York demonstration sites.The Phiadephia project aso made an 

evauaton of oone, gener¬ated on-site for dsnfection purposes. 
Another 

study proposesthe use of combined haogens (chorne and 
iodine) 

to providemore effective disinfection of vruses as we as 

in aswimming ake. This study aso supports by acti¬vated 
carbon 

or use of ozone, with reativey short haf ife, in ieu of 
chorine 

to aeviate residua probems to fishife. Mr. George Gover wi 

present more on this subject.CmbinationsWhen a snge method is not 
iey 

to produce the best possibe ans¬wers to a given poution 

stuation, 

various 
treatment and contromeasures—as previousy describedmay be 

combined 
for maximum fex¬ibiity and effciency. One such combination 

might be: in-seweror off-system storage for subsequent overfow 
treatment 

in specfi¬cay designed faciities, foowed by recharge 
orrecovery 

for water sports and aesthetic purposes. Another combin¬ation 

might be fow retention with pump or gravity feed-back to 

thesantary sewerage system.In a cases the optimum abatement pan for 

overfowpoution wi have to be evauated separatey for the 
geographicaarea 

in consideration. 

Aside from conditions, terrain,and and uses, choice of contro 

and treatment wi depend on the36 



exsting sewerage system configuraton. For exampe, systems witharge 

contributory areas and few overfow points present probemsand 
requre 

desgn phiosophes which differ from those n systemsdivided into 

many areas with individua combned waste-water outfas.The temporary 

storage 

concept, 

prevousy discussed as a contro pro¬cess, aso provides for a 
certan 

degree of treatment by settng, forexcessive overfows greater than 
the 

design storage capacty dis¬charging drcty to the receiving 
stream. 

Lkewise, this settngpotentia for fows ess than design capacity, 

together with on-stesoids disposa usuay overooked, shoud be 
definitey 

considered.The proposed prototype demonstraton for Lancaster, 

Pennsyvana,previousy cited and shown schematicay in Figure 8, wi 
by 

a swir device and and dsinfect dscharges greaterthan the storage 

capacity of the "sio" structure.Mr. Michigan instaed a system 
nvoving 

discharge ofcombined sewage overfows nto a 

series 

of three "akeets" eachequipped wth surface Effuents pass 

from one pond to thenext through and fiters and the fna effuent 

ischorinated. This contro and treatment scheme is designed to haveno 

adverse aesthetic impacts, and the possibiity of reusing 
thesewaters 

for recreationa purposes is being expored. Figure 9 showsa 

schematic of the faciity.A conceptua engineering study for the 
ashngton, 

area (Figure20) has shown that it would be feasbe to 
construct 

a contro-treatmentfacity to hande 

combined sewer overfows up to 3.000 A 75mion gaon storage faciity s 

tentativey panned with an over¬head parkng garage, couped with a 50 high 

rate filtration-adsorpton-disinfection pant. This treatment compex 

is intendedto produce recaimed waters suitabe for swimming, 
boating, 

and fshing.37 


